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Objectives: This study investigated removal of a force-closed stem, done in order to improve
acetabular exposure during revision, with reinsertion afterwards. It is unknown how much
this  procedure modiﬁes the stem/cement interface.
Methods: Three tapered stem models were implanted into composite femurs. Strain gauges
were embedded in the medial aspect of the cement mantle and in several positions on the
outer  surface of the femurs. The deformation was measured during static loading, which
was applied at two different times: after implantation and after one million loading cycles,
followed by stem removal and reinsertion. The t test was performed. The differences in
deformation were compared (at p ≤ 0.05) between the two static loading times and among
the  three stem designs.
Results: No signiﬁcant differences in deformation were found after the two  loading times for
the  three models. No signiﬁcant differences in the initial deformations of the three models
were  found for most of the gauges attached to the femurs.
Conclusions: Reinsertion of the force-closed stem does not alter the load transmission from
the  stem to the cement and to the surface of the femur, even after one million loading cycles.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
Efeito  da  remoc¸ão  e  reinserc¸ão  de  hastes  tipo  force-closed  nas
deformac¸ões  da  artroplastia  total  de  quadril
r  e  s  u  m  oalavras-chave:
rtroplastia de quadril
esenho de prótese
Objetivos: Estudo da remoc¸ão de haste do tipo force-closed e a sua reinserc¸ão posterior para
aumentar a exposic¸ão do acetábulo durante a revisão. Não é conhecido o quanto esse pro-
cedimento modiﬁca a interface haste/cimento.
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Fenômenos mecânicos Métodos: Três modelos de hastes aﬁladas foram implantadas em fêmures compósitos. Exten-
sômetros de deformac¸ão foram embebidos no aspecto medial do manto de cimento e em
diversas posic¸ões sobre a superfície externa dos fêmures. As deformac¸ões foram medidas
durante cargas estáticas, as quais foram aplicadas em dois diferentes momentos: após a
implantac¸ão e após um milhão de ciclos de carga, seguido pela remoc¸ão e reinserc¸ão. O
teste  t foi feito. As diferenc¸as entre as deformac¸ões foram confrontadas com p ≤ 0,05 entre
os  dois momentos de carga estática e entre os três projetos de hastes.
Resultados: Não foram encontradas diferenc¸as signiﬁcativas nas deformac¸ões após os dois
momentos de carga para os três modelos. Não foram encontradas diferenc¸as signiﬁcativas
nas  deformac¸ões iniciais dos três modelos para a maioria dos extensômetros aderidos aos
fêmures.
Conclusões: A reinserc¸ão de haste do tipo force-closed não altera a transmissão de carga da
haste para o cimento e para a superfície do fêmur, mesmo após um milhão de ciclos.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Todos os direitos reservados.Introduction
Polished, tapered, cemented and glue-free stems are widely
applied in total hip arthroplasty. These stems function as a
conical interference assembly, in a manner known as “force-
closed”.1 Theoretically, given that there is no strong chemical
bond between the metal stem and the polymer cement, it
should be possible to remove the stem from the cement and
obtain the same interfacial interaction after its reinsertion.
In the case of acetabular revision, removal of the stem
is of interest because this increases the degree of exposure
of the acetabulum and reduces the duration of the opera-
tion. Nabors et al.2 conducted a 10-year clinical follow-up on
24 cases of acetabular revision, in which force-closed stems
were removed and reinserted. Nabors et al.2 and Bell et al.3
also evaluated the rotational stability of the stems through
mechanical tests and did not ﬁnd any evident loss of stem sta-
bility caused by the reinsertion. Nonetheless, changes at the
interface between the stem and cement may occur after stem
reinsertion.4 The small interfacial spaces that may arise after
the residual tensions in the cement have relaxed possibly do
not produce any signiﬁcant changes to the rotational stability
of the stem over the short term. However, these spaces may
produce changes to load transmission from the stem to the
cement. Norman et al.5 discovered that changes to the interfa-
cial interaction between the stem and cement had a profound
inﬂuence on alterations to the deformations that were trans-
ferred to the cement and to the femur. Measurements of
electrical resistance through the extensometry technique (i.e.
using strain gauges) can be used to detect such alterations to
these deformations.
The present study had the objective of ascertaining
whether there were any changes to deformations either in the
cement or in the femur after removal and reinsertion of the
stem. If the deformations of the primary arthroplasty did not
differ signiﬁcantly from the deformations after the reimplan-
tation, this would be a strong indication that the interface
between the stem and cement had been preserved and that
removal and reinsertion was a safe procedure from a mechan-
ical point of view.Materials  and  methods
Commercially available force-closed stems made of stainless
steel (ASTM F138) were supplied by the manufacturer (MDT
Implantes, Rio Claro, SP, Brazil). The stems differed from each
other regarding their transverse geometry and their tapering
angles and planes (Fig. 1). The important geometric differ-
ences between the stems were the following: group A (Spoac®):
proximal thickness of 12.25 mm,  tapering of 1◦15′ and circular
cross-sectional geometry; group B (Maxima®): proximal thick-
ness of 12 mm,  double tapering (4◦30′ and 1◦ on the lateral
and medial faces, respectively, and 3◦12′ in the lateral plane)
and rectangular cross-section with rounded corners; group C
(Spoac NC®): proximal thickness of 13 mm,  triple tapering (3◦,
3◦30′ and 3◦53′, respectively, in the frontal, lateral and trans-
verse planes) and a rectangular cross-section with rounded
corners. Two stems from each group were implanted in large
synthetic femurs (3306 Paciﬁc Research Labs).
Implantation
The appropriate stem size was selected by means of tem-
plates and the medullary cavity was obstructed by means
of a polyethylene restrictor. Bone cement (Simplex P, Styker-
Howmedica-Osteonics) was introduced into the medullary
cavity in a retrograde manner, using a syringe. The implan-
tation was performed by an experienced surgeon (LSMG).
Measurements  on  deformations
Extensometers measuring electrical resistance (i.e. strain
gauges) were attached both to the femurs and to the cement,
in speciﬁc positions of the test body, in order to enable mea-
surement of large differences in deformation when alterations
to the interface between the stem and cement occurred.5
The deformations of the external surface of each of the
femurs were measured using seven axial extensometers
(KYOWA KFG–2-120-C1-11) that were laid out along the axis
of symmetry of the femurs. The deformations of each of
the cement layers were measured by means of two axial
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Fig. 1 – The three stem models. From left to right, conical stem (group A), doubly tapered stem (group B) and triply tapered
stem (group C). The central ﬁgure shows cross-sections through the stems. The ﬁgure on the right shows an extensometer
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3strain gauge) attached to the cement layer close to the tip of
xtensometers (Kyowa KFG02120C111-N15-C02). The exten-
ometers were attached to the cement layers and to the femurs
sing similar protocols.6 Cement layers were applied at the
roximal and distal levels of each stem before its implanta-
ion, so as to enable attachment of the extensometers. The
ement layers were sanded down until a thickness of 1 mm
as reached. The extensometers were applied to the layers
n the medial face of the stems. One of these extensometers
ttached to a stem at distal level before implantation is pre-
ented in Fig. 1. The extensometers were then all embedded in
he cement layer during the implantation and they remained
nside this layer after removal of the stems. The positions of
he extensometers are presented in Fig. 2.
The deformations were measured by means of an acqui-
ition board (HBM MGCplus). All the extensometers were
alibrated by means of precision electrical resistors (Vishay
icro-measurements).
ig. 2 – Extensometers, represented by small gray boxes. The ex
espectively at distances of 130 mm and 20 mm from the tip of th
tarting from the end of the greater trochanter: (a) medial: 63 mm
5 mm;  posterior: 65 mm.em.
Load
The distal condyles of the femurs were ﬁxed in a support
device so as to ensure posterior inclination of 9◦ and lateral
inclination of 10◦. The condyles were embedded in PMMA
resin after they had been properly ﬁxed using screws. The
test bodies were loaded into a servohydraulic test machine
(MTS 810, MTS  Corporation, USA). Static loads were applied
to the heads of the stems after implantation and after reim-
plantation. Ten static load blocks were applied at a rate of
2300 N/min until reaching 2300 N, and this was followed by
one minute of load-bearing and a further minute of load
relief. Each deformation value was represented by the dif-
ference between maximum and minimum values produced
because of the static load blocks. The mean deformation
caused by the ten load blocks was used for analysis. Sine-wave
cyclical loads limited between minimum peaks of 230 N and
tensometers embedded in positions 1 and 2 were laid out
e stem (a). The extensometers on the femurs were  laid out
 and 98 mm;  lateral: 40 mm and 102 mm;  and (b) anterior:
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maximum peaks of 2300 N were applied after the initial static
loads. Loading frequencies going from 7 Hz to a maximum of
one million cycles were used.
Removal  and  reinsertion
The procedure of removal and reinsertion of the stems was
conducted after application of the cyclical loads. The stems
were removed by means of an appropriate extractor tool.
Three hours after their removal, the stems were carefully rein-
serted into the cavity of the cement layer and were subjected to
a ﬁnal time of static loading. The removal and insertion proce-
dure was conducted by the same surgeon who had performed
the primary implantation.
The deformations were measured during static load
application, both after the primary implantation and after
reinsertion of the stems. The differences in deformation
between the two loading times and between the initial
deformations measured in the three stem models were com-
pared by means of the t test, using a signiﬁcance level of
p ≤ 0.05.
Results
Four embedded extensometers were damaged during the
primary implantation. The damage was done to two exten-
someters in a test body in group B, one extensometer in group
A (position 2) and one extensometer in group C (position 1).
Nonetheless, it was possible to make comparisons between
positions 1 and 2, respectively, in groups A and C. No signiﬁ-
cant differences in the deformations measured in the cement
and in the femur were found in comparing the two loading
times (Table 1). Fig. 3 shows the deformations measured by
the embedded extensometers and also those measured on
the medial and lateral surfaces of the femurs. The comparison
between the deformations before and after reimplantation can
be seen in the ﬁgure.
A comparison between the three stem models regarding
the initial deformations of each position measured on the
femurs was also made. Table 1 shows that in group A, the
deformations tended to decrease after reinsertion of the
conical stems, while in group C, the deformations in the
medial and lateral directions in the triply tapered stems also
decreased. On the other hand, it could be seen that in the
doubly tapered stems (group B), the deformations tended to
increase after reinsertion, at many  of the positions measured,
except in the lateral direction. However, signiﬁcant differ-
ences between stems B and C were observed only in the
medial 2 position and in the posterior position (Table 1 and
Fig. 4). None of the other comparisons between the three
stems presented any signiﬁcant differences. Fig. 3 also shows
that there was greater deformation close to the tops of the
stems (medial 2 and lateral 3 positions, in all three stem
models.
Given that only two measurement sensors showed signiﬁ-
cant differences between stems B and C, we performed linear
regression analysis in which the three stem models were taken
to belong to a single group. This regression also presented a
strong correlation, with a coefﬁcient of linearity of 0.91 and
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Fig. 3 – Deformations measured using the embedded extensometers and those laid out on the medial and lateral faces of
the femurs.
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eimplantation, for the three stem groups. The symbol “ye”
efers to the embedded extensometers, while the symbol
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urface of the femurs.rior and posterior faces of the femurs.
Discussion
In the present study, the potential for alterations to the defor-
mations transferred from the stem to the cement layer and to
the femur, caused by removal and reinsertion of the stem, was
investigated. Although this practice has been used in several
situations in order to facilitate exposure of the acetabulum
in revision surgical procedures, without any adverse clinical
consequences, it still needs to be conﬁrmed that this practice
does not interfere with arthroplasty from a mechanical point
of view, in order to avoid problems that might arise over the
long term. Three established models of force-closed stem were
tested with the aim of ascertaining whether all three models
had the same mechanical behavior. These stem only pre-
sented subtle differences in design. Force-closed stems such
as the Exeter stem have shown excellent long-term results.7 In
these models, the stem migrates because of the ability of the
cement to ﬂow and this enables load transmission through
the cement to the femur in a more  homogenous manner.8,9
Subtle design modiﬁcations to force-closed stems have been
conceived over recent decades. Examples of such alterations
include those that culminated in the conception of the dou-
bly tapered Exeter Universal stem and triply tapered C-stem.10
Doubly tapered stems were conceived to take advantage of
the cement ﬂow characteristics. The triply tapered stem was
conceived for the same reason, but with the advantage of
increasing the load transferred to the calcar. Stem shape alter-
ations such as to the cross-section, proximal geometry or
 p . 2 034  r e v b r a s o r t o
tapering angles and planes may interfere with the rigidity and
stability of the stem. They may also affect the load transmitted
from the stem to the cement and ﬁnally to the bone tissue.
The techniques used in our study have been widely used
in tests that seek to predict differences in the mechanics
of arthroplasty.6,11,12 Moreover, alterations to the interface
between the stem and cement can easily be detected through
using extensometers.5 The quantity of one million load cycles
was chosen in order to encourage cement ﬂow characteristics
and stem migration, in an attempt to simulate what occurs
in vivo.
Some extensometers embedded in the cement were lost
during the study. Nonetheless, it was still possible to make
a comparison between positions 1 and 2 in relation to stems
A and C, respectively. The comparisons between the deforma-
tions due to the initial loads and those after the reinsertion, for
the embedded extensors and for those laid out on the surface
of the femurs, did not show any signiﬁcant differences.
The comparisons of the different positions on the femurs
between the three stem models regarding the deformations
due to the initial loads indicated that there were signiﬁcant
differences between stems B and C in the medial 2 position
and on the posterior face. These differences may have been
related to the subtle differences in stem design. Although
these three stem models present geometrical differences, this
has not be found to produce any signiﬁcant differences in their
clinical performances.1,9 The design differences did not give
rise to differences in the majority of the deformations that we
measured. Moreover, considering that we made 21 compar-
isons of deformation between the three models, our ﬁnding of
signiﬁcant differences at only two positions is a very small pro-
portion. For this reason, the linear regression analysis could
be performed with the three models in a single group of force-
closed stems. The regression analysis showed that there was a
strong correlation between the deformations measured before
and after the reinsertion.
Some limitations of the present study need to be high-
lighted. Synthetic femurs are different from natural femurs.
However, various studies have shown that the mechanical
properties of synthetic femurs are similar to those of natural
femurs. Furthermore, synthetic femurs reduce the variation of
the results, since they are manufactured from a standardized
model.
The greatest limitation of the present study was that only
two test bodies from each stem group were assessed. However,
since no signiﬁcant differences were found in comparing the
deformations before and after reimplantation, in any of the
extensometer positions for these two test bodies, and since
the linear regression analysis presented strong correlation,
we decided to conclude the experiments with only two test
bodies per group. In the linear regression analysis, the three
models were put together in a single group and the number
of test bodies for this analysis thus increased to six. If there
were any alterations at the interface between the stem and the
cement, these would be seen through dispersion of the linear
regression and/or distancing of the unit inclination from the
straight line, and from the intercept of the line on the coordi-
nate axis. Inclination and R2 that are close to one (variations
lower than 10%) and small intercept values (values smaller
than two orders of magnitude of the deformations measured) 1 6;5  1(1):29–35
indicated good concordance between the two  times of the
static tests.6
Another important limitation is that in clinical practice,
particles and ﬂuids may enter the cement cavity and/or the
stem before stem reinsertion, and this was not investigated in
the present study. Therefore, the results are applicable only in
cases in which both the cavity and the stem can be protected
from these particles and ﬂuids before reinsertion.
The results from this study provide a good indication of the
permanence of the interface between the stem and cement,
and also the interface between the cement and femur after
the reinsertion. Some studies have indicated that alterations
to these interfaces promote large differences in deformations,
both of the femur and of the cement.5 Crowninshield and
Tolbert13 conducted a study on both glued and non-glued
stem/cement interfaces. They used a thin layer of epoxy resin
to promote reliable gluing of the stem to the cement. Alter-
ations to the interfacial relationship were reﬂected in changes
to the deformation measured in the cement that were as high
as 100%. Studies have shown that force-closed stems migrate
because of the ability of the cement to ﬂow, although this
does not represent an indication of loosening of the stem.
On the contrary, cement ﬂow may ensure good interfacial
contact between the stem and the cement. This behavior pro-
motes load transfer through the cement to the femur in a
more homogenous manner, and this theoretically preserves
the quality of the femur for long periods.1,9,14–16 There are
no strong chemical bonds between the metal stem and the
polymer cement. Therefore, as shown in our study, it is possi-
ble to remove the stem and then obtain the same interfacial
interaction after the reinsertion.
This study showed that the greatest deformations were
close to the distal level (medial 2 and lateral 3 positions), for
all three models. The deformations in the cement showed val-
ues greater than 1000 m/m.  These results are comparable to
those of several other studies cited in this article.
Conclusions
Taking into account the experimental conditions that had
been proposed for the present study, reinsertion of the same
force-closed stem did not alter the transmission of defor-
mation at the interface between the stem and cement or,
consequently, to the surface of the femur. Removal and rein-
sertion of the stem in the cement layer did not signiﬁcantly
alter the mechanics of the arthroplasty, even after one million
cycles.
Conﬂicts  of  interest
The authors declare no conﬂicts of interest.Acknowledgements
The authors thank the funding agencies CAPES, CNPq and
FINEP.
 . 2 0 1
r
1
1
1
1
1
1
hip prosthesis design. J Biomech. 1989;22(8-9):793–804.r e v b r a s o r t o p
 e  f  e  r  e  n  c  e  s
1. Shen G. Femoral stem ﬁxation. An engineering interpretation
of  the long-term outcome of Charnley and Exeter stems. J
Bone Joint Surg Br. 1998;80(5):754–6.
2. Nabors ED, Liebelt R, Mattingly DA, Bierbaum BE. Removal
and reinsertion of cemented femoral components during
acetabular revision. J Arthroplasty. 1996;11(2):
146–52.
3. Bell CG, Weinrauch P, Pearcy M, Crawford R. In vitro analysis
of  exeter stem torsional stability. J Arthroplasty.
2007;22(7):1024–30.
4. Griza S, Ueki MM, Souza DH, Cervieri A, Strohaecker TR.
Thermally induced strains and total shrinkage of the
polymethyl-methacrylate cement in simpliﬁed models of
total hip arthroplasty. J Mech Behav Biomed Mater.
2013;18:29–36.
5. Norman TL, Thyagarajan G, Saligrama VC, Gruen TA, Blaha
JD. Stem surface roughness alters creep induced subsidence
and “taper-lock” in a cemented femoral hip prosthesis. J
Biomech. 2001;34(10):1325–33.
6. Stolk J, Verdonschot N, Cristofolini L, Toni A, Huiskes R. Finite
element and experimental models of cemented hip joint
reconstructions can produce similar bone and cement strains
in  pre-clinical tests. J Biomech. 2002;35(4):499–510.7. Ling RS, Charity J, Lee AJ, Whitehouse SL, Timperley AJ, Gie
GA. The long-term results of the original Exeter polished
cemented femoral component: a follow-up report. J
Arthroplasty. 2009;24(4):511–7.
1 6;5 1(1):29–35 35
8. Norman TL, Shultz T, Noble G, Gruen TA, Blaha JD. Bone creep
and  short and long term subsidence after cemented stem
total hip arthroplasty (THA). J Biomech. 2013;46(5):949–55.
9. Ek ET, Choong PF. Comparison between triple-tapered and
double-tapered cemented femoral stems in total hip
arthroplasty: a prospective study comparing the C-Stem
versus the Exeter Universal early results after 5 years of
clinical experience. J Arthroplasty. 2005;20(1):94–100.
0. Wroblewski BM, Siney PD, Fleming PA. Triple taper polished
cemented stem in total hip arthroplasty: rationale for the
design, surgical technique, and 7 years of clinical experience.
J  Arthroplasty. 2001;16 8 Suppl. 1:37–41.
1. Cristofolini L, Teutonico AS, Monti L, Cappello A, Toni A.
Comparative in vitro study on the long term performance of
cemented hip stems: validation of a protocol to discriminate
between good and bad designs. J Biomech.
2003;36(11):1603–15.
2. New AM, Taylor M, Wroblewski BM. Effect of hip stem taper
on cement stresses. Orthopedics. 2005;28 Suppl. 8:s857–62.
3. Crowninshield RD, Tolbert JR. Cement strain measurement
surrounding loose and well-ﬁxed femoral component stems. J
Biomed Mater Res. 1983;17(5):819–28.
4. Verdonschot N, Huiskes R. The effects of cement-stem
debonding in THA on the long-term failure probability of
cement. J Biomech. 1997;30(8):795–802.
5. Huiskes R, Boeklagen R. Mathematical shape optimization of6. Verdonschot N, Huiskes R. Subsidence of THA stems due to
acrylic cement creep is extremely sensitive to interface
friction. J Biomech. 1996;29(12):1569–75.
